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(54) PROJECTION OPTICAL APPARATUS (57) ABSTRACT 
75 _ _ _ The invention provides a small-sized projection optical 

( ) Inventor‘ Takayoshl Togmo’ Tokyo (JP) apparatus Which uses a decentered prism as a projection 

Correspondence Address optical system and in Which some contr'ivances are provided 
Kenyon & Kenyon ' to hoW to introduce illumination light mto a re?ection~ type 
Suite 700 display device. The projection optical apparatus comprises a 
1500 K Street N W re?ection ~type d1sp~lay~dev1ce 1,' a projection optical system 
Washin ton I’) C '2 0605 12 57 (Us) 2 for providing projection of an image displayed thereon and 

g ’ an illumination light source for illuminating a display sur 
face. The projection optical system 2 comprises a catadiop 

. . trio 0 tical element 10 havin tWo rotationall as mmetric 
(73) Asslgnee' Olympus optlcal Co" Ltd" Tokyo (JP) curveId re?ecting surfaces 12,g13 having positiZe PZWCI‘. The 

illumination light source is located such that both a light ray 
(21) AppL NO‘: 10/411,138 leaving the display surface and arriving at a projection 

display screen and a light ray leaving the illumination light 
source and arriving at the display surface are re?ected at the 

(22) Filed; Apt; 11, 2003 ?rst and second re?ecting surfaces as counted from the 
display surface side of the catadioptric optical element 10, 
and that the axis of illumination light 6 incident on the 

pub?cation (jassi?cation catadioptric optical element 10 is not included in a plane that 
passes through the axis of projection light 7 leaving the 

(51) Int. Cl.7 ..................................................... .. G02B 3/02 catadioptric optical element 10 and the center of the display 
(52) US. Cl. ............................................................ .. 359/720 surface. 
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FIG. 5 
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FIG. 9 
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PROJECTION OPTICAL APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a projection optical 
apparatus, and more particularly to a front projector for 
magnifying and projecting an image on a re?ection type 
display device onto a Wall surface or a screen. 

[0002] Conventional projectors have used a rotationally 
symmetric lens system. To obtain bright displays in this 
case, a re?ection type display device such as a DMD (digital 
micro-mirror device or a re?ection type LCD is used (see, 
for instance, JP-A 2000-98272). 

[0003] Arrangements for illuminating a re?ection type 
display device such as a PDLC or DMD through the Whole 
or a part of a rotationally symmetric lens system have been 
proposed in JP-A’s 8-20175 and 8-251520. 

[0004] For a head-mounted type image display system 
using a decentered prism, Which is not a projection optical 
system, illumination by a re?ection type LCD has been put 
forWard in JP-A 11-337863, Wherein illumination by the 
re?ection type LCD is carried out through some re?ecting 
surfaces and transmitting surfaces of the decentered prism. 

[0005] In this regard, JP-A 2000-111800 discloses an 
image-formation optical system comprising tWo decentered 
prisms. In this image-formation optical system, a prism With 
an optical path crossing over itself therein is used as the 
prism located on the image plane side. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a projection optical 
apparatus, comprising: 

[0007] 
[0008] a projection optical system for projecting an 

image displayed on the re?ection type display device 
onto a projection display screen, and 

[0009] an illumination light source for illuminating a 
display surface of the re?ection type display device, 
Wherein: 

[0010] the projection optical system comprises an 
optical element having positive poWer, 

[0011] said optical element being located in opposi 
tion to the display surface of the re?ection type 
display device, and said optical element comprising 
at least tWo re?ecting surfaces, at least one of Which 
is de?ned by a rotationally asymmetric curved 
re?ecting surface con?gured into a curved shape that 
imparts poWer to a light beam, and 

[0012] the illumination light source is located such 
that given tWo light rays are re?ected at at least ?rst 
and second re?ecting surfaces of the re?ecting sur 
faces of the optical element as counted in order of a 
projection light ray traced from a display surface 
side, provided that said given tWo light rays are a 
light ray leaving the display surface and arriving at 
the projection display screen and a light ray leaving 
the illumination light source and arriving at the 
display surface, 

a re?ection type display device, 
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[0013] said illumination light source being located 
such that an aXis of illumination light incident on the 
optical element is not included in a given plane, 
Wherein: 

[0014] said aXis of illumination light is de?ned by a 
center light ray of an illumination light beam from 
the illumination light source, said center light ray 
arriving at a center of the display surface, 

[0015] an aXis of projection light is de?ned by a light 
ray leaving the center of the display surface and 
arriving at the projection display screen through a 
center of a pupil of the optical system, and 

[0016] said given plane is a plane that passes through 
the aXis of projection light leaving the optical ele 
ment and the center of the display surface. 

[0017] The present invention also provides projection 
optical apparatus, comprising: 

[0018] 
[0019] a projection optical system for projecting an 

image displayed on the re?ection type display device 
onto a projection display screen, and 

[0020] an illumination light source for illuminating a 
display surface of the re?ection type display device, 
Wherein: 

[0021] the projection optical system comprises an 
optical element having positive poWer, 

[0022] said optical element being located in opposi 
tion to the display surface of the re?ection type 
display device, and said optical element comprising 
at least tWo re?ecting surfaces, at least one of Which 
is de?ned by a rotationally asymmetric curved 
re?ecting surface con?gured into a curved shape that 
imparts poWer to a light beam, 

[0023] the illumination light source is located such 
that given tWo light rays are re?ected at at least a ?rst 
re?ecting surface of the re?ecting surfaces of the 
optical element as counted in order of a projection 
light ray traced from a display surface side, provided 
that said given tWo light rays are a light ray leaving 
the display surface and arriving at the projection 
display screen and a light ray leaving the illumina 
tion light source and arriving at the display surface, 

[0024] said illumination light source being located 
such that an aXis of illumination light incident on the 
optical element is not included in a given plane, 
Wherein: 

[0025] said aXis of illumination light is de?ned by a 
center light ray of an illumination light beam from 
the illumination light source, said center light ray 
arriving at a center of the display surface, 

[0026] an aXis of projection light is de?ned by a light 
ray leaving the center of the display surface and 
arriving at the projection display screen through a 
center of a pupil of the optical system, and 

[0027] said given plane is a plane that passes through 
the aXis of projection light leaving the optical ele 
ment and the center of the display surface, and 

a re?ection type display device, 
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[0028] the re?ection type display device comprises a 
tWo-dimensionally arrayed micro-mirrors, each hav 
ing a variable gradient so that an angle of emergence 
of re?ected light can be varied. 

[0029] Still other objects and advantages of the invention 
Will in part be obvious and Will in part be apparent from the 
speci?cation. 
[0030] The invention accordingly comprises the features 
of construction, combinations of elements, and arrangement 
of the parts, Which Will be exempli?ed in the construction 
hereinafter set forth, and the scope of the invention Will be 
indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWING 

[0031] FIG. 1 is illustrative in perspective of the projec 
tion optical system in Example 1 according to the invention, 
as vieWed obliquely from an upper portion of its projection 
display screen. 

[0032] FIG. 2 is a perspective vieW shoWing details of 
Example 1 as vieWed from the same direction as in FIG. 1. 

[0033] FIG. 3 is a front perspective vieW of Example 1 as 
vieWed from the front side of FIG. 1, and FIG. 2. 

[0034] FIG. 4 is a Y-Z sectional vieW of the projection 
optical system in Example 1 according to the invention. 

[0035] FIG. 5 is schematically illustrative in perspective 
of the Whole construction of an optical apparatus using the 
projection optical system in Example 1 according to the 
invention. 

[0036] FIG. 6 is a Y-Z sectional vieW of the projection 
optical system in Example 2 according to the invention. 

[0037] FIG. 7 is schematically illustrative in perspective 
of the Whole construction of an optical apparatus using the 
projection optical system in Example 2 according to the 
invention. 

[0038] FIG. 8 is a Y-Z sectional vieW of the projection 
optical system in Example 3 according to the invention. 

[0039] FIG. 9 is schematically illustrative in perspective 
of the Whole construction of an optical apparatus using the 
projection optical system in Example 3 according to the 
invention. 

[0040] FIG. 10 is schematically illustrative in perspective 
of the Whole construction of an optical apparatus using the 
projection optical system in Example 4 according to the 
invention. 

[0041] FIG. 11 is schematically illustrative in perspective 
of the Whole construction of an optical apparatus using the 
projection optical system in Example 5, 6 according to the 
invention. 

[0042] FIG. 12 is illustrative of tranvsverse aberrations 
for Example 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] The reasons for using the aforesaid arrangements in 
the present invention, and the advantages thereof are noW 
explained. 
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[0044] The projection optical apparatus of the invention is 
designed for projection of images displayed on a re?ection 
type display device. The projection optical apparatus is 
provided With an illumination light source adapted to illu 
minate the projection optical system and the display surface 
of the re?ection type display device. 

[0045] The projection optical system comprises a cata 
dioptric or re?ecting optical element having positive poWer. 
These optical elements each comprise at least tWo re?ecting 
surfaces. At least one of these re?ecting surfaces is con?g 
ured in such a curved shape as to impart poWer to a light 
beam. Having a function of correcting for decentration 
aberrations, that re?ecting surface is also de?ned by a 
rotationally asymmetric re?ecting surface. This optical ele 
ment is located in opposition to the display surface of the 
re?ection type display device. 

[0046] Here, a decentered prism as set forth in JP-A’s 
11-337863, 2000-111800, etc. may be used as the catadiop 
tric optical element. Having poWer, this decentered prism 
comprises at least tWo re?ecting surfaces each con?gured in 
such a curved surface shape as to effect internal re?ection. 
In the re?ecting optical element, such re?ecting surfaces are 
constructed of surface mirrors. The re?ecting optical ele 
ment is positioned With the re?ecting surfaces located in the 
air With given position relations. 

[0047] The rotationally asymmetric curved re?ecting sur 
face having a curved surface shape to give poWer to the light 
beam and having a decentration aberration correction func 
tion has a surface shape that is generally de?ned by a 
free-form surface. For instance, the surface shape of such a 
free-form surface may be de?ned by formula (a) in US. Pat. 
No. 6,124,989 (JP-A 2000-66105). 

[0048] The kind and structure of the re?ection type display 
device are not critical to the projection optical apparatus of 
the invention. In another projection optical apparatus of the 
invention, the re?ection type display device may have such 
arrangement as mentioned beloW. That is, this re?ection type 
optical device comprises a number of tWo-dimensionally 
arrayed micro-mirrors, each corresponding to a pixel. The 
micro-mirror has a variable gradient so that the angle of 
emergence of the re?ected light is variable. Thus, this 
re?ection type optical device can create on/off states. 

[0049] Such a re?ection type display device is knoWn as a 
DMD (digital micro-mirror device). The DMD is described 
in “Optics”, Vol. 25, No. 6, pp. 313-314, 1996). In the DMD, 
tWo-dimensionally arrayed pixels are each composed of a 
micro-mirror. For each pixel, the gradient of the micro 
mirror is variable under the electrostatic ?eld action of a 
memory device located just beloW it. For instance, the 
gradient of the micro-mirror is so controlled that the angle 
of re?ection of the re?ected light is variable thereby creating 
on/off states. 

[0050] The optical system parts should here be positioned 
such that Where the pixel is held off, the light re?ected at the 
pixel forming micro-mirror does not enter the projection 
optical system, and Where the pixel is held on, the light 
re?ected at the pixel forming micro-mirror enters the pro 
jection optical system. Where the pixel is held on, the light 
re?ected at the pixel forming micro-mirror enters the pro 
jection optical system, so that an image is formed on the 
screen. It is understood that the angle of inclination of each 
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pixel forming micro-mirror upon held on is determined to be 
about 100 With respect to the surface of the DMD on Which 
light rays are incident. 

[0051] HoW to mount the illumination light source varies 
With the kind of the re?ection type display device. Before 
explaining this, tWo light rays are de?ned. By de?nition, the 
?rst ray leaves the display surface of the re?ection type 
display device, arriving at the projection display screen, and 
the second light ray emerges from the illumination light 
source, arriving at the display surface of the re?ection type 
display device. 

[0052] When no particular limitation is imposed on the 
kind and structure of the re?ection type display device, the 
illumination light source is positioned such that both the ?rst 
and the second light ray are re?ected at at least the ?rst and 
the second surface of the catadioptric or re?ecting optical 
element as counted in order from its display surface side in 
the direction of propagation of projection light rays. 

[0053] When the DMD is used as the re?ection type 
display device, the illumination light source is positioned 
such that both the ?rst and the second light ray are re?ected 
at at least the ?rst re?ecting surface. 

[0054] That is, the catadioptric optical element is located 
in opposition to the display surface of the re?ection type 
display device. Then, illumination light and projection light 
are re?ected at at least the ?rst and the second re?ecting 
surface of the catadioptric optical element. At this time, the 
illumination light illuminates the display surface and the 
projection light provides projection of an image on the 
display surface. Here, the optical system is partially shared 
by an illumination optical path and a projection optical path. 

[0055] Alternatively, the illumination light and the projec 
tion light are re?ected at the ?rst re?ecting surface of the 
catadioptric optical element. At this time, the illumination 
light illuminates the display surface and the projection light 
provides projection of an image on the display screen. Here, 
the optical system is partially shared by an illumination 
optical path and a projection optical path. 

[0056] It is noted that the same action goes true even for 
the case Where a re?ecting optical element is used for the 
catadioptric optical element. 

[0057] In either case, the illumination light source is 
positioned such that the axis of illumination light entering 
the catadioptric optical element is not included in a given 
plane. Here the “given plane” is understood to refer to a 
plane that passes through the axis of projection light leaving 
the catadioptric optical element and the center of the display 
surface. 

[0058] The axis of illumination light is de?ned by the 
center line of an illumination light beam from the illumina 
tion light source and a light ray of the illumination light 
beam that arrives at the center of the display surface, and the 
axis of projection light is de?ned by a light ray that leaves 
the center of the display surface and arrives at the projection 
display screen via the center of the pupil of the optical 
system. 

[0059] It is noted that even When the re?ecting optical 
element is used for the catadioptric optical element, the same 
action as mentioned above is achievable. 
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[0060] In the present invention, the catadioptric or re?ect 
ing optical element is set up as a decentered optical system. 
In such a decentered optical system, the direction of decen 
tration of each re?ecting surface is de?ned by the direction 
of the aforesaid given plane, except a special decentered 
arrangement. Suppose noW that in this plane there is the axis 
of illumination light entering the catadioptric or re?ecting 
optical element. Then, the effective surface of each re?ecting 
surface in the decentration direction must have a combined 
area for both the illumination optical path and the projection 
optical path, resulting in an increase in the siZe of the 
catadioptric or re?ecting optical element or, alternatively, 
shading of a part of the light beam, making bright yet 
uniform projection dif?cult. 

[0061] By contrast, if the decentered optical system is 
constructed such that the axis of illumination light entering 
the catadioptric or re?ecting optical element is not included 
in the aforesaid given plane, it is then possible to enlarge the 
effective surface of each re?ecting surface generally in a 
direction that crosses the direction of decentration. The 
effective range of each re?ecting surface in the direction of 
decentration can thus be enlarged for either the illumination 
optical path or the projection optical path. This does not lead 
to an increase in the siZe of the catadioptric or re?ecting 
optical element. 

[0062] Especially When the catadioptric or re?ecting opti 
cal element is a decentered prism having tWo re?ecting 
surfaces, the decentered prism should preferably be set up as 
folloWs. That is, the decentered prism is constructed such 
that When the axis of projection light entering the ?rst 
re?ecting surface and the axis of projection light re?ected at 
the second re?ecting surface are projected onto a projection 
plane, the projected axes of projection light cross over each 
other. This enables the prism to be made compact. Here the 
aforesaid “projection plane” is understood to mean a plane 
that includes the axis of projection light re?ected at the 
re?ecting surface on Which the axis of projection light 
leaving the display surface is ?rst incident and the axis of 
projection light entering that re?ecting surface. 

[0063] The decentered prism, because of having tWo 
re?ecting surfaces, is of the type that positive poWer is 
distributed to each re?ecting surface, so that each re?ecting 
surface can take on a gentler curved shape. This is also 
preferable because of no need of increasing the siZe of the 
prism. 

[0064] This is noW explained speci?cally With reference to 
the projection optical system in Example 1 given later. FIG. 
1 is a perspective vieW of an optical system portion of 
Example 1 as vieWed obliquely from above. Here, the 
optical system comprises a DMD 1 used as a re?ection type 
display device, a projection optical system 2 for providing 
projection of an image displayed on the DMD 1, and an 
illumination light-introducing prism 30 for entering light 
from an illumination light source 3 into the projection 
optical system 2. The illumination light source 3 is shoWn in 
FIG. 3. Light from the illumination light source 3 enters a 
decentered prism 10 forming a part of the projection optical 
system 2 via the illumination light-introducing prism 30. 

[0065] The projection optical system 2 comprises a decen 
tered prism 10 and a decentered prism 20. In FIG. 1, a 
substantial portion of the DMD1 is hidden from vieW by the 
decentered prism 10. From FIG. 2 that is a perspective 
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illustration showing details of the projection optical system 
2 as vieWed from the same direction, it is found that the 
DMD 1 is located on the back surface side of the decentered 
prism 10. FIG. 3 is a front perspective vieW of FIGS. 1 and 
2 as vieWed from front. Aprojection display plane or screen 
5 (FIG. 5) is located in the —Z direction of the coordinates 
shoWn in FIGS. 1 to 3. An image appearing on the display 
surface of the DMD 1 is projected onto the projection 
display screen 5 via the projection optical system 2. 

[0066] In this example, the decentered prism 10 has four 
optical surfaces. A surface ABCD de?nes an entrance sur 
face 11 on Which display light from the DMD 1 is incident. 
A surface EFGH de?nes a ?rst re?ecting surface 12 for 
re?ecting the display light entered from the entrance surface 
11 into the prism. Asurface IJBA de?nes a second re?ecting 
surface 13 for re?ecting the display light re?ected at the ?rst 
re?ecting surface 12. A surface HGCD de?nes an eXit 
surface 14 through Which the display light re?ected at the 
second re?ecting surface 13 leaves the prism. 

[0067] The decentered prism 20 has three optical surfaces. 
Asurface KLOM de?nes an entrance surface 21 for entering 
the display light emerging from the decentered prism 10 into 
the prism. A surface PQOM de?nes a re?ecting surface 22 
for re?ecting the display light entered from the entrance 
surface 21 into the prism. A surface KLQP de?nes an eXit 
surface 23 through Which the display light re?ected at the 
re?ecting surface 22 leaves the prism. 

[0068] Between the decentered prism 10 and the decen 
tered prism 20 there is interposed a stop 4. The stop 4 forms 
the pupil of the projection optical system 2. It is noted, 
hoWever, that the shape of the stop 4 is not depicted to the 
right With respect to illumination light. 

[0069] The illumination light-introducing prism 30 is 
located in opposition to the eXit surface 14 of the decentered 
prism 10. The illumination light-introducing prism 30 has a 
re?ecting surface. The illumination light source 3 is located 
on the entrance side of the prism 30 (FIG. 3). 

[0070] In this arrangement, an aXial chief ray (axis) from 
the illumination light source 3 enters the illumination light 
introducing prism 30 upon crossing the entrance surface of 
the prism 30 at a point a. Subsequently, the ray is re?ected 
at the re?ecting surface of the prism upon incidence on a 
point b, leaving the prism 30 via a point c. Subsequently, the 
ray enters the eXit surface 14 of the decentered prism 10 at 
the same point c. 

[0071] The aXis of the illumination light entered into the 
decentered prism 10 is re?ected at the second re?ecting 
surface 13 upon incidence on a point d. Subsequently, the 
illumination light is re?ected at the second re?ecting surface 
13 upon incidence on a point e, and enters the entrance 
surface 11 of the prism 10 at a point f, leaving the decentered 
prism 10. Then, the aXis of the illumination light is incident 
on the DMD 1 from its diagonal direction to illuminate the 
display surface of the DMD 1. At this time, the aXis of the 
illumination light makes an angle of about 20° With the 
direction of the normal to the center g of the screen surface 
of the DMD 1. 

[0072] The aXis of projection light emerges from the 
center g of the surface screen of the DMD 1 in the direction 
of the normal. This aXis of projection light is incident on a 
point h on the entrance surface 11 of the decentered prism 
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10, entering the decentered prism 10. Subsequently, the 
projection light is re?ected at the ?rst re?ecting surface 12 
upon incidence on a point i. Subsequently, the projection 
light is re?ected at the second re?ecting surface 13 upon 
incidence on a point j. Further, the projection light leaves the 
decentered prism 10 upon incidence on a point k on the eXit 
surface 14 of the decentered prism 10, propagating toWard 
the decentered prism 20 through the center of the stop 4. 

[0073] The aXis of projection light is incident on a point I 
on the entrance surface 21 of the decentered prism 20, 
entering the decentered prism 20. Subsequently, the projec 
tion light is re?ected at the re?ecting surface 22 upon 
incidence on a point m, leaving the decentered prism 20 
upon incidence on a point n on the eXit surface 23 thereof. 
The aXis of projection light leaving the decentered prism 20 
arrives at the projection display screen (not shoWn). The 
image displayed on the DMD 1 is projected on a magni?ed 
scale. 

[0074] Here, the illumination light source 3 is positioned 
such that the aXis of illumination light incident on the point 
c on the decentered prism 10 is not included in a plane that 
passes through the aXis of projection light emerging from the 
point k on the decentered prism 10 and the center g of the 
display surface (i.e., a plane that passes through the points 
g and k of FIG. 3 and is vertical to the paper of FIG. 3), so 
that the illumination light can be guided to the DMD 1 
Without causing an increase in the siZe of the decentered 
prism 10. It is thus possible to reduce the siZe of the 
projection optical apparatus. 

[0075] In the arrangement of FIGS. 1 to 3, the projection 
optical system 2 comprises the decentered prism 20 in 
addition to the decentered prism 10. This is to project the 
image on a magni?ed scale While aberrations are Well 
corrected. It is noted that the decentered prism 20 is located 
on the side of the decentered prism 10, from Which the 
projection light rays (the aXis of projection light) emerge. 
HoWever, the present invention is not necessarily limited to 
this arrangement. For instance, it is acceptable to locate a 
rotationally symmetric refracting optical system in place of 
the decentered prism. 

[0076] When an additional prism is located on the eXit side 
of the decentered prism 10, it should preferably have one or 
more re?ecting surface. Preferably in this case, the re?ecting 
surface(s) should be con?gured in such a curved surface 
shape as to give poWer to a light beam and de?ned by a 
rotationally asymmetric curved re?ecting surface having a 
function of correcting for decentration aberrations. 

[0077] In both the ?rst decentered prism 10 and the second 
decentered prism 20, the aXis of projection light in the prism 
is included in a plane. It is noted that the plane in Which the 
aXis of projection light in the ?rst decentered prism 10 is 
included may be parallel With the plane in Which the aXis of 
projection light in the second decentered prism 20 is 
included. Alternatively, those planes may be rotated 45° With 
respect to each other. In the latter case, the projected image, 
too, is rotated by such rotation. It is therefore required to 
rotate and locate the re?ection type display device (the 
DMD 1 in the case of FIGS. 1 to 3) around the aXis of 
projection light. 

[0078] It is noted that the second decentered prism 20, too, 
may be constructed in such a Way as to have tWo re?ecting 
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surfaces. As is the case With the ?rst decentered prism 10, 
the decentered prism 20 may be constructed such that in the 
plane in Which the axis of projection light in the second 
decentered prism 20 is included, the axis of projection light 
projected onto that plane crosses over itself. Alternatively, 
the second decentered prism 20 may be constructed in such 
a Way as to have one re?ecting surface. 

[0079] It is understood that the present invention may also 
be applied to an arrangement Where a re?ection type liquid 
crystal display device is used as the re?ection type display 
device. 

[0080] When the DMD is used as the re?ection type 
display device, it is preferable that the direction of de?ection 
of light re?ected by its micro-mirrors is orthogonal to the 
plane in Which the axis of projection light in the ?rst 
decentered prism is included. This enables the DMD to be 
positioned such that the re?ected light is put into such states 
as explained above. In this arrangement, the axis of illumi 
nation light incident on the DMD is not included in a plane 
that passes through the axis of projection light emerging 
from the DMD and the center of the display surface of the 
DMD. 

[0081] As already explained, the DMD is a re?ection type 
display device comprising tWo-dimensionally arrayed 
micro-mirrors, Wherein the gradients of the micro-mirrors 
are varied to vary the angle of emergence of re?ected light. 
Each micro-mirror corresponds to an image pixel. By vary 
ing the gradients of the micro-mirrors, it is possible to create 
on/off states. 

[0082] When the projection optical system is constructed 
of the ?rst decentered prism and the second decentered 
prism, it is desired that a transparent medium forming the 
?rst decentered prism be different in optical properties from 
a transparent medium forming the second decentered prism. 

[0083] NoW consider a projection optical system made up 
of tWo decentered prisms, each having tWo rotationally 
asymmetric re?ecting surfaces, Wherein any intermediate 
image is not formed. Such an optical system ensures that 
monochromatic aberrations such as coma are improved 
because of having satisfactory symmetry resulting from the 
stop being located near the center of the optical system. 
HoWever, since the entrance surface and exit surface of each 
prism are each made up of a refracting surface, there are 
chromatic aberrations ascribable to chromatic dispersion of 
refractive index. In particular, chromatic aberration of mag 
ni?cation remains under-corrected even by use of a rota 
tionally asymmetric free-form prism. Further, With a small 
optical system, it is more dif?cult to correct for the chro 
matic aberration of magni?cation, because of a relatively 
long Wavelength. 

[0084] In the present invention, therefore, the ?rst and the 
second decentered prism are formed using transparent media 
With varying optical properties, so that chromatic aberra 
tions, especially chromatic aberration of magni?cation can 
be Well corrected. By forming the decentered prisms using 
media With varying optical properties, chromatic aberra 
tions, especially chromatic aberration of magni?cation, 
stemming from dispersion on the refracting surfaces of the 
prisms can thus be Well corrected. 

[0085] Speci?cally, the “optical properties” of the trans 
parent media referred to herein are the index of refraction, 
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and Abbe number. It is thus required to use transparent 
media different from each other in terms of either one of 
these properties. 

[0086] In What folloWs, the projection optical apparatus of 
the invention Will be explained. In particular, the present 
invention Will be explained With reference to examples of 
the projection optical system. 

[0087] First of all, hoW to determine the X-, Y- and Z-axes 
of the coordinates for the examples is explained With refer 
ence to FIGS. 1 to 3. In back ray tracing Where the projection 
optical system 2 is vieWed from an image projection display 
screen, the plus direction of the Z-axis is de?ned by the 
(front) direction of the axis of projection light 7 toWard the 
?nal surface of the projection optical system 2 (the exit 
surface 23 of the second decentered prism 20 in FIGS. 1 to 
3), the plus direction of the X-axis by the right-to-left 
direction of the axis 7 in the horiZontal direction, and the 
plus direction of the Y-axis by the beloW-to-above direction 
of the axis 7 in the vertical direction. The origin of the 
optical system is de?ned by a point at Which the axis of 
projection light 8 crosses the ?nal surface of the projection 
optical system 2. The folloWing arrangements Will be 
explained in the order of back ray tracing. Examples 1 to 6 
Will be explained With reference to the accompanying draW 
mgs 

[0088] In Examples 1 to 6, an image on the re?ection type 
display device 1 is projected on a magni?ed scale onto the 
projection display screen 5 at a position 1,200 mm aWay 
from the ?rst surface (the ?nal surface of the projection 
optical system 2) in back ray tracing. The siZe of the 
projected image is 7300x5475 mm (36 inches in diagonal 
length), the diameter of the entrance pupil is set at (1)7 mm, 
and the siZe of the re?ection type display device 1 is 
13.61><10.21 mm. 

EXAMPLE 1 

[0089] This example is on the assumption that a DMD is 
used as the re?ection type display device 1. FIG. 1 is 
illustrative in perspective of the projection optical system 2, 
as vieWed obliquely from an upper portion of the projection 
display screen 5 (FIG. 5). FIG. 2 is a perspective vieW 
shoWing details of the projection optical system 2 as vieWed 
from the same direction. FIG. 3 is a front perspective vieW 
as vieWed from the front side of FIG. 1, and FIG. 2. FIG. 
4 is a Y-Z sectional vieW of the projection optical system 2. 
FIG. 5 is schematically illustrative in perspective of the 
projection optical apparatus using the projection optical 
system according to this example. 

[0090] In the instant example, the projection optical sys 
tem 2 comprises a second decentered prism 20, a stop 4 and 
a ?rst decentered prism 10 as vieWed from the projection 
display screen 5. Are?ection type display device 1 is located 
in opposition to an entrance surface 11 of the ?rst decentered 
prism 10. 

[0091] An illumination light-introducing prism 30 is 
located in opposition to an exit surface 14 of the ?rst 
decentered prism 10. The illumination light-introducing 
prism 30 is located off a position through Which an axis of 
projection light 7 passes. 

[0092] The ?rst decentered prism 10 is made up of four 
surfaces, i.e., an entrance surface 11 located in opposition to 
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the re?ection type display device 1, a ?rst re?ecting surface 
12 for re?ecting display light entered from the entrance 
surface 11 into the prism, a second re?ecting surface 13 for 
re?ecting the display light re?ected at the ?rst re?ecting 
surface 12, and an exit surface 14 through Which the display 
light re?ected at the second re?ecting surface 13 leaves the 
prism. In the ?rst decentered prism 10, the axis of projection 
light 7 is re?ected in such a Way as to be included in the 
same Y-Z plane. In the prism, the axis of projection light 7 
propagating from the entrance surface 11 toWard the ?rst 
re?ecting surface 12 crosses the axis of projection light 7 
propagating from the second re?ecting surface 13 toWard the 
exit surface 14. 

[0093] The second decentered prism 20 is made up of 
three surfaces, i.e., an entrance surface 21 for entering the 
display light leaving the ?rst decentered prism 10 into the 
prism, a re?ecting surface 22 for re?ecting the display light 
entered from the entrance surface 21 into the prism, and an 
exit surface 23 through Which the display light re?ected at 
the re?ecting surface 22 leaves the prism. In the second 
decentered prism 20, the axis of projection light 7 is 
re?ected in such a Way as to be included in the same Y-Z 
plane. 

[0094] Thus, the axis of projection light 7 from the re?ec 
tion type display device 1 to the projection display screen 5 
is alloWed to exist in the same Y-Z plane. 

[0095] An axis of illumination light 6 from an illumination 
light source 3 enters the exit surface 14 of the ?rst decen 
tered prism 10 via the illumination light-introducing prism 
30. Then, the axis of illumination light entered into the ?rst 
decentered prism 10 is re?ected successively at the second 
re?ecting surface 13 and the ?rst re?ecting surface 12, 
leaving the prism via the entrance surface 11. Upon leaving 
the decentered prism 10, the illumination light illuminates 
the display surface of the re?ection type display device 1. In 
this case, the axis of illumination light 6 is incident from the 
diagonal direction of the re?ection type display device 1, 
While it is incident on the center of the display surface of the 
re?ection type display device 1 at an angle of about 20° With 
the direction of the normal. To that end, the re?ection type 
display device 1 is positioned in such a Way as to tilt 45° 
around the axis of projection light 7 incident on the ?rst 
decentered prism 10. 

[0096] As already described, the axis of illumination light 
6 is incident on the exit surface 14 of the ?rst decentered 
prism 10. At this time, the axis of illumination light 6 is 
incident in such a Way as to be not included in the Y-Z plane 
in Which the axis of projection light 7 from the re?ection 
type display device 1 to the projection display screen 5 is 
included. In other Words, the illumination light-introducing 
prism 30 is located such that the axis of illumination light 6 
is incident on the exit surface 14 from a position displaced 
from the Y-Z plane With the axis of projection light 7 
included therein in the —X direction. 

[0097] As already described, the re?ection type display 
device 1 is positioned at an angle of inclination of 45° 
around the axis of projection light 7 incident on the projec 
tion optical system 2. In addition, the Whole optical system 
is located at an angle of inclination of 45° around the axis of 
projection light 7 leaving the projection optical system 2 and 
in the opposite direction (see FIG. 5). This is to compensate 
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for a 45° tilt of a projected image on the projection display 
screen 5 and around the axis of projection light 7 leaving the 
projection optical system 2. 

[0098] In the instant example, the surfaces 21 to 23 of the 
second decentered prism 20 and the surfaces 11 to 14 of the 
?rst decentered prism 10 are each formed of a de-centered 
free-form surface. 

[0099] The constituting parameters for the projection opti 
cal system 2 in the instant example Will be given later. 

EXAMPLE 2 

[0100] This example is on the assumption that a DMD is 
used as the re?ection display device 1. FIG. 6 is a Y-Z 
sectional vieW of the projection optical system 2 according 
to the instant example, and FIG. 7 is schematically illus 
trative in perspective of the projection optical apparatus 
using the projection optical system 2. 

[0101] The projection optical system 2 according to this 
example comprises a coaxial refracting optical system 20‘ 
having positive poWer, a stop 4 and a ?rst decentered prism 
10, as vieWed from a projection display screen 5. 

[0102] The coaxial refracting optical system 20‘ is made 
up of tWo meniscus lenses each convex toWard the projec 
tion display screen 5. The ?rst decentered prism 10 is of the 
same shape as in Example 1. Are?ection type display device 
1 is located in opposition to an entrance surface 11 of the ?rst 
decentered prism 10. 

[0103] As in Example 1, an illumination light-introducing 
prism 30 is located in opposition to an entrance surface 14 
of the ?rst decentered prism 10. The illumination light 
introducing prism 30, although not illustrated in FIGS. 6 
and 7, is located off a position through Which an axis of 
projection light 7 passes. 

[0104] The ?rst decentered prism 10 is made up of four 
surfaces, i.e., an entrance surface 11 located in opposition to 
the re?ection type display device 1, a ?rst re?ecting surface 
12 for re?ecting display light entered from the entrance 
surface 11 into the prism, a second re?ecting surface 13 for 
re?ecting the display light re?ected at the ?rst re?ecting 
surface 12, and an exit surface 14 through Which the display 
light re?ected at the second re?ecting surface 13 leaves the 
prism. In the ?rst decentered prism 10, the axis of projection 
light 7 is re?ected in such a Way as to be included in the 
same Y-Z plane. In the prism, the axis of projection light 7 
propagating from the entrance surface 11 toWard the ?rst 
re?ecting surface 12 crosses the axis of projection light 7 
propagating from the second re?ecting surface 13 toWard the 
exit surface 14. 

[0105] An axis of illumination light 6 from an illumination 
light source 3 enters the exit surface 14 of the ?rst decen 
tered prism 10 via the illumination light-introducing prism 
30. Then, the axis of illumination light entered into the ?rst 
decentered prism 10 is re?ected successively at the second 
re?ecting surface 13 and the ?rst re?ecting surface 12, 
leaving the prism via the entrance surface 11 for illumination 
of the display surface of the re?ection type display device 1. 
In this case, the axis of illumination light 6 is incident from 
the diagonal direction of the re?ection type display device 1, 
While it is incident on the center of the display surface of the 
re?ection type display device 1 at an angle of about 20° With 
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the direction of the normal. To that end, the re?ection type 
display device 1 is located in such a Way as to tilt 45 ° around 
the axis of projection light incident on the ?rst decentered 
prism 10. 

[0106] As already described, the axis of illumination light 
6 is incident on the exit surface 14 of the ?rst decentered 
prism 10. At this time, the axis of illumination light 6 is 
incident in such a Way as to be not included in the Y-Z plane 
in Which the axis of projection light 7 from the re?ection 
type display device 1 to the projection display screen 5 is 
included. In other Words, the illumination light-introducing 
prism 30 is located such that the axis of illumination light 6 
is incident on the exit surface 14 from a position displaced 
from the Y-Z plane With the axis of projection light 7 
included therein in the —X direction. 

[0107] As already described, the re?ection type display 
device 1 is located at an angle of inclination of 45° around 
the axis of projection light 7 incident on the projection 
optical system 2. In addition, the Whole optical system is 
located at an angle of inclination of 45° around the axis of 
projection light 7 leaving the projection optical system 2 and 
in the opposite direction (see FIG. 7). This is to compensate 
for a 45° tilt of a projected image on the projection display 
screen 5 and around the axis of projection light 7 leaving the 
projection optical system 2. 

[0108] In the instant example, the surfaces 11 to 14 of the 
?rst decentered prism 10 are each formed of a decentered 
free-form surface. 

[0109] The constituting parameters for the projection opti 
cal system 2 in the instant example Will be given later. 

EXAMPLE 3 

[0110] The instant example is on the assumption that a 
re?ection type liquid crystal display device is used as the 
re?ection type display device 1. FIG. 8 is a Y-Z sectional 
vieW of a projection optical system 2 according to this 
example, and FIG. 9 is schematically illustrative in perspec 
tive of the optical apparatus using the projection optical 
system 2. 

[0111] The optical projection system 2 according to the 
instant invention comprises a second decentered prism 20, a 
stop 4 and a ?rst decentered prism 10, as vieWed from a 
projection display screen 5. Both the second decentered 
prism 20 and the ?rst decentered prism 10 are of the same 
shape as in Example 1. The re?ection type display device 1 
is located in opposition to an entrance surface 11 of the ?rst 
decentered prism 10, and an illumination light-introducing 
prism 30 is located in opposition to an exit surface 14 of the 
?rst decentered prism 10 as in Example 1. This illumination 
light-introducing prism 30, although not shoWn in FIGS. 8 
and 9, is located off a position through Which an axis of 
projection light 7 passes. 

[0112] The ?rst decentered prism 10 is made up of four 
surfaces, i.e., an entrance surface 11 located in opposition to 
the re?ection type display device 1, a ?rst re?ecting surface 
12 for re?ecting display light entered from the entrance 
surface 11 into the prism, a second re?ecting surface 13 for 
re?ecting the display light re?ected at the ?rst re?ecting 
surface 12, and an exit surface 14 through Which the display 
light re?ected at the second re?ecting surface 13 leaves the 
prism. In the ?rst decentered prism 10, the axis of projection 
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light 7 is re?ected in such a Way as to be included in the 
same Y-Z plane. In the prism, the axis of projection light 7 
propagating from the entrance surface 11 toWard the ?rst 
re?ecting surface 12 crosses the axis of projection light 7 
propagating from the second re?ecting surface 13 toWard the 
exit surface 14. 

[0113] The second decentered prism 20 is made up of 
three surfaces, i.e., an entrance surface 21 for entering the 
display light leaving the ?rst decentered prism 10 into the 
prism, a re?ecting surface 22 for re?ecting the display light 
entered from the entrance surface 21 into the prism, and an 
exit surface 23 through Which the display light re?ected at 
the re?ecting surface 22 leaves the prism. In the second 
decentered prism 20, the axis of projection light 7 is 
re?ected in such a Way as to be included in the same Y-Z 
plane. 
[0114] Thus, the axis of projection light 7 from the re?ec 
tion type display device 1 to the projection display screen 5 
is alloWed to exist in the same Y-Z plane. 

[0115] An axis of illumination light 6 from an illumination 
light source 3 enters the exit surface 14 of the ?rst decen 
tered prism 10 via the illumination light-introducing prism 
30. Then, the axis of illumination light entered into the ?rst 
decentered prism 10 is re?ected successively at the second 
re?ecting surface 13 and the ?rst re?ecting surface 12, 
leaving the prism via the entrance surface 11. Upon leaving 
the decentered prism 10, the illumination light illuminates 
the display surface of the re?ection type display device 1. In 
this case, the axis of illumination light 6 is incident obliquely 
and laterally from the longitudinal direction of the re?ection 
type display device 1, While it is incident on the center of the 
display surface of the re?ection type display device 1 at a 
given angle With the direction of the normal. Thus, the 
re?ection type display device 1 is not inclined around the 
axis of projection light 7 incident on the ?rst decentered 
prism 10. 

[0116] As already described, the axis of illumination light 
6 is incident on the exit surface 14 of the ?rst decentered 
prism 10. At this time, the axis of illumination light 6 is 
incident in such a Way as to be not included in the Y-Z plane 
in Which the axis of projection light 7 from the re?ection 
type display device 1 to the projection display screen 5 is 
included. In other Words, the illumination light-introducing 
prism 30 is located such that the axis of illumination light 6 
is incident on the exit surface 14 from a position displaced 
from the Y-Z plane With the axis of projection light 7 
included therein in the —X direction. 

[0117] In the instant invention, it is not necessary to 
incline the Whole optical system around the axis of projec 
tion light 7 emerging from the projection optical system 2 
(see FIG. 9). 
[0118] In the instant example, the surfaces 21 to 23 of the 
second decentered prism 20 and the surfaces 11 to 14 of the 
?rst decentered prism 10 are each formed of a de-centered 
free-form surface. 

[0119] The constituting parameters for the projection opti 
cal system 2 in the instant example Will be given later. 

EXAMPLE 4 

[0120] The instant example is on the assumption that a 
DMD is used as the re?ection type display device 1. FIG. 10 




















